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U.S. COPPER PORPHYRY MINES:

The track record of water quality impacts resulting
from pipeline spills, tailings failures and water collection and

treatment failures.
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EXECUTIVE SUMMARY:

Lo
The Pebble Mine is proposed for development at the headwaters of the Bristol Bay watershed
in southwest Alaska, which supports the world’s largest wild sockeye salmon fishery.
According to current ore estimates, the Pebble Mine would be the largest copper porphyry
mine in the U.S,, if constructed.

Lo
Copper porphyry is a form of copper deposit that is often characterized aslow-grade, and
often containing other minerals such as gold and molybdenum. Copper porphyry deposits
are almost all mined in industrial-scale open pit operations.

Currently, the US. Environmental Protection Agency (EPA) is completing a watershed
assessment to evaluate the potential impacts of large-scale mining on water quality and
fishery resources using a mine scenario that reflects the expected characteristics of mining
operations at the Pebble deposit.

e
We reviewed state and federal documents for fourteen U.S. operating copper porphyry mines
to assess the impacts associated with pipeline spills, tailings impoundment failures and water
capture and treatment failures.

Our research shows that copper porphyry mines are often associated with water pollution
resufting from acid mine drainage and/or metals leaching. Drainage from porphyry deposits
commonly have concentrations of aluminum, cadmium, copper, iron, manganese, lead, and
zinc that exceed US drinking-water limits to protect public health, and aquatic life standards
are also commonly exceeded for cadmium, copper, lead and zinc.!

We reviewed state and federal documents and a federal database for fourteen copper
porphyry mines representing 87% (14 out of 16) of currently operating copper porphyry mines,
and 89% of U.S. copper production in 2010 - the most recent data on copper production
available from the U.S. Geological Survey. The fourteen mines were chosen based on an
operating record of more than five years. These mines provide a representative view of the
types of environmental impacts resulting from the development of copper porphyry deposits,
focusing on pipeline spills, tailings failures and water collection and treatment failures.

We found that all of the mines (100%) experienced pipeline spills or other accidental releases.
The most frequent spills were reported at the Ray Mine in Arizona, where over fifty pipeline
spills occurred from 1988 to 2012. Examples of recent pipeline spills include a 2012 spill at the
Ray Mine which washed tailings into the Gila River, a 2008 pipeline spill at the Morenci Mine of
186,000 gallons of sulfuric acid along two miles of Chase Creek - a tributary of the San
Francisco River, and a 2009 spill of 2 million gallons of process water at the Bagdad Mine.

At 13 of the 14 mines (92%), water collection and treatment systems have failed to control
contaminated mine seepage, resulting in significant water quality impacts. The development
of acid mine drainage was associated with the most severe and lasting impacts. For
example, the Tyrone and Chino mines - the two largest copper porphyry mines in New
Mexico, will generate an estimated 2 billion gallons of acid and metals contaminated
seepage every year, requiring water treatment in perpetuity. These two mines have resulted
in severe surface and groundwater contamination, and the State of New Mexico and US.
Department of Justice have filed natural resource damage claims against the company for
damages to water and wildlife resources.

U.8. Copper Porphyry Mines: Water Quality Report = EARTHWORKS = www. earthworksaction.org 4 18

EARTIWEIRE

EPA-7609-0004653-0004



The Bingham Canyon Mine, the largest copper porphyry mine currently operating in the
United States, will also generate water pollution in perpetuity from the mine’s waste rock piles.
Mine operations have resulted in a plume of contaminated groundwater extending over 70
square miles, and the State of Utah filed a natural resource damage claim against the mine in
2008 for impacts to water and wildlife resources.

e
Tailings spills have occurred at nine operations, and a partial failure of the tailings
impoundment occurred at four out of fourteen mines (28%). These included a 1997 partial
failure of the tailings impoundment at the Pinto Valley Mine, where the creek bed and
surrounding upland were buried under material as deep as 42 feet. In 1993, heavy
precipitation caused the Gila River to flood and breach the tailings impoundment at the Ray
Mine, carrying pollutants 11 miles downriver. And in 1980, 2.6 million cubic yards of tailings
were released at the Tyrone mine, and flowed 8 kilometers downstream.

Many of the currently operating copper porphyry mines are located in the arid southwest,
where precipitation is limited, and communication between surface and groundwater
resources is limited. More significant impacts could be expected at mines in wetter climates,
with abundant surface water and shallow groundwater, such as is the case in the Bristol Bay
region. Research shows that mines with high acid generating potential and in close proximity
to surface and groundwater are at highest risk for water quality impacts.’

Additional impacts at these mines, particularly water collection and treatment failures, are
likely to occur after mining operations cease and groundwater pumps are no longer keeping
the mine area dewatered.

A review of the track record of water quality impacts from copper porphyry mines found
severe impacts to drinking water aquifers, contamination of farmland, contamination and loss
of fish and wildlife and their habitat, and risks to public health. In some cases, water quality
impacts are so severe that acid mine drainage will generate water pollution in perpetuity.

08
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Table 1

2010 copper production amounts for mines reviewed in this report.

08
L

Location O

Company 0

2010Copper o

production 10
{MetricTos) 0

Totalprodiuctionof d mib&s[ 10 [18

BinghamCadyon [ UT 6 Kennecott/Rio Tinto 250,0003
Morenci 8 AZ 8 Freeport 100 233,1464
Ray 0 AZ ASARCO 18 105,051 °
Bagdad T8 AZ T8 Freeport (180 92,079°
Mission 8 AZ ASARCO 18 83,4157
Sierrita 68 AZ 8 Freeport 100 66,6788
Robinson @ NV 06 Quadra @ 49,4009
Tyrone 718 NM T8 Freeport 18 37,194 "
SilverBeld AZ 0 ASARCO 18 21,000"
Chino 718 NM T8 Freeport 18 15,400 %
MineralPark 8 AZ 0 Mercator @ 14,605
Miami 8 AZ T8 Freeport 18 8,100
PintoValley 18 AZ T8 BHP T 6,000
Continental Pifd @ MT 0 Montana Resources Notatvailable

982,068 |

TotalU.S3prodluction [0 1,100,000

Percentof/d |0 pobalucton [ 8 89%
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Table 2

Synopsis of pipeline spills, tailings spills and impoundment failures, and water

capture and treatment failures for 14 copper porphyry mines (1986-2012).
L3

Numberof 610 ] Water | 0 Tailings | { Affectedsurdaceand/orgrodind 0
reported 0 | collectionand d dam |18
pipelinespiBs | treatment 18

andother 18 | failures 10
accidental |8
releases” [0

Morenci 00 21 08 Yes 8 O SanFradcisco Rivér, GilaRivdr, C0
ChaseCrakk, grodindwater agdifer

Bingham 18 28 718 Yes 113 ] 72 10 sqoeheplitheof 318

Canyon 0 contaminated grtdindwater; fisld &

andwildlifehaliitatin]d &that 10
Saltladk@etod ystem 180

Ray [0 54 03 Yes 8 Partial 8| Mineral Crgek, GiléRivdr, C4d
groundwater agdifer £d
Chino 08 10 6 Yes 8 7o Hanover/Whitewater Créek, 0

contaminated graddindwater wilf &
requirewabertiédtmentinid o
perpetuity 8

Bagdad & 7 6 Yes 8 7o Boulder Creek, Buiro Crék, Buite [0
Creek, BridleCre®k [0
Sierrita 00 18 8 Yes 8 7o Demetrie Wash anuobitstoibditaries; 0|

groundwater agdiferinciding Z0
drinkingwaberwebsirn 816 Green 0

Valley 6

PintoValeey 38 |3 0 Yes 8 Partial Od| PintoCrakk [0

Mission 3 3 6 Yes 8 Partial 8| Tributaries dfd_8ahta CeddRivdr, 0
groundwater agdifer 8

Robinson [0 8 o Unknown [0 ] 2.3nifesof1d18 downstrdaamnagd
bed 6

Tyrone 8 7 6 Yes 113 Partial T8| Mangas Criek, grodindwater [0

contamination wilfréqdiir e 8 wate)
treatmentinld1d perpetuifyd

MineralPad 6|3 0 Yes 8 7o Groundwater dqdiferandsirface 6
water 18

Miami 0 8 18 Yes [0 ) Pinal Crakkallidvialagidfer [0

SilverBeld 18 3 18 Yes (18 ] Cocio Wadh 7188

ContinentalPiE6 | 2 6 Yes 8 7o Silver Bo@ Cra®k, grodindwater 0
aquifer 8

Ca

*Limitationsin_ & datefor@ipélinespilflsandbth@racoidentaireldasesmalieit 80 difficult 8 ddternrine,disdme L0
cases,whétherwaterqudityimctsresiltedfratthed 3§ pill. 108
Lg
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CASE STUDIES:

g

MORENCIMINE,AZ0O |0 (Fred@alMioRan) 0

TheModenci MigingDisfrictis 00 lodmed0lsdutheastenondmearthedownsof 0 0 Cldndn 60

Morenci. 150 1o [odaeadiHa@ilaRivar theSank 0

Reportsof d 8
pipeline —d&
failuresand &
other —4d
accidental Cd
releases® &

rancisco Riv@ranadkageCredk. 0
o

2008: Refortofid10 pipefilkrél@dsing 186,000 galfonsof 318 sulbaitandbedy mefals 0
intoa 1d4 tribyGhrgse @akk) of @ 18he [ &FBamcised Rivar,resdlting in)&158,000 setdlement 14
withthedfadeof 1410 Arizonlae.TEéh@inaﬁdicmﬁﬁerialtrﬁﬁeled doMinstream moFethah 2180
miles. Th@polfutantsin & didvaargd exadeded Aridona sirface waberqudlitystaddardsfard —o
copper,zindahbpH dLover Uddse Crakk. 7o

2007:Regortof 3 6 relebse/d 15200ga00nsa@f a0 preghant éagh saldtionrél@ased duéta a6
powerfaildire. Yo

2006:Rejdortof &reldase of 678 3H00ddsdf 318 suldaiidrad pip@line brédk.
2006:Regortof 3 6 1pb2hdsdiid18 matiedai PLEbipéline. T

2006:Rejgortof 38 relebsel tadiralyte (acid cardent 1087 padnds) frothanid_0
underground prigtess pipéline. 20

2004:Regortof 3.0 relebse/d @20 dsdf 4 6 sulboiiand®ater frathprotesspip@éline 4
duet@d1d fadlfire ovaIVe. [T

B

2001: Report of 318 relefse3%0 podndsof 618 sulfericel@lsed fiotpipdline. 22 18
2000: Report 6f3718 relefs@3,000 gallonsof &3 sulbeiicélefised fiotpipdline. 2> T
1998: Report of 310 relefsedh, 00 padndsof d_ 3 suldaiirel@@sed frotpipéline. MR

1996:Reortof1d 0 relebse d uhknawounidi 310 preglemch safition spified fradh 6
pipeline,affécting Chase Crakk,léadingta a1 Fbamciseo Rivér. 25 K6 ditheof 183 re@lrt, 130
gpmweédebeidgreldased. 8

1996:R256p§0rt01f€6 relebse 0 1605005 @ 1310 presmdstiandpifed dudta 310 pipelield 1o
failure.” 08

1996:RE@0rt0£i(’5 relebse 0 500G dsdf d10 suldaric “d 0 splikedaddd backheng 180
. . 7 —
pipeline.”” Cé

1996: Refort of AM435 padndsof d 0 sulfuideel@@sed fiadhpipéline. 8
1995: Refort of @880 padndsof &8 sulfcrirel@sed frot pipdline.  ° (1

1994:Rejortof 815 203gal6nsaf 1373 raffireleasatbduéta a8 ruptur ed 18 pipe_d
1994: Redort of &]800padndsof d 8 sulbuitreléBsed dudtaid 6 fractweldiiidid pipeline. 3o

1993:Reortof1d 0 unknamwounidfd10 coppléatérdl@ased intdSarFradcisco Rivérdud 6
to 8 sevent. 8 13

1993: Report of d8D,000 galdonsof a6 pregleach s iPolution spiled dudta a6 pluggeth Td
line, 00 affettedd ade £o

1992:Rejfortof 878 25506n56Y1818 electroblgased > T
1992:Rejfortof 378 15000dsdf 815 coppléatespified didta 55 falueed  >° 118
1992:Rejfortof 378 7ga06n56T 1378 electrahyitteddddta’d  faitire ofl 878 pipetigld. 8 3

Water 6
collectionand
treatment &

In 0 202 53068t of 1310 Justidehelitade of 163 Arizelemsedba 08 condenteéMihich 6
foundthad , “mdne tailingsekjibsed ta]d @ndipré@dpitation reldased haZardoussihiktances 0
on 10 shdace of ddaiegsay & 0ddvapef@dlatethroughtheiailthgsta d10 groundwater.” 48

failures —8 Thecoidentdedeefaihdthad |, “rédeases ofl 0 hazardohbstandes af dfoorthédlodenci o
minesitehai®ochlirred andallagethadsiod réldases havecalded injiriestald 10 natur  al 8
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resources aiZd_ drand dtideitya¥ | d Gitkaididling sirface waber, seddments, sais, 8
terrestrialhalditats andtérdestrial recéptors.” 7 K188 finansiEdlement follbwed and 3
investigation df 0_0 natesalurcdinjdries reldted tald Feleased a0 hazardous dbstances 8
intothe®nhidronment frodn atid mide dradnage andprodess salition, amdng ofhdersaidces. 0

Theinvdstigationfalthdthad th@madh orédvideralsaredulfide miiderals, whihha\®e Cd

resultedin] & dekelopthent of 8~ drabie drénage. 8 Acddording toid_ddpe Tid“Sidface 0
waterhasbekh, andmodtiikaely cohdinuesta 4 éxpmseddald 8 hazardobstandes 0

released froththedodenci Mide thrdugh a a8 vaoiety d padthways.” * Codcentrations ot 878
hazardoussiltances medsured in]d 8 groundwater dAdeencidVide ahdmedsured inid the 1
SanFradcisco andGil@aRNarsdodinstream ofid_ dnihe praide firéherinddcationsthad 0
hazardoussilbtances pradent in 3 8aheceniaderialsall & dibiericiVidehadkebesn 0

releasedtaid @nkrondent. drdpertidlddthad“Cahcentrations ofid_ 8 saochd 136  issolved [
zinchai®exa®eded 1,080 ug/liri] & GtlaRN&Fandcantentration of 1318 dissodeppertihve 18
exceeded 10@ug/diri_ & 8ahEraddisco Rivér.” *® todtaminated gradundwateris]dd also &
releasedtaid 0 sunaderiddeedsandsprihgs. 0

No [0 impoundrhaihirésd 6

Tailingsspis
and C8
impoundment |
failures 8

Impactsto /&8 In Cd 20062)S88 8 Departnoént] dldistidDégartment afld_1d Intbdoe jaidtly anidounced 6
water,fists 6 thatFre@&port ModoRan hashgréedta d I GpRnillonta 18 skitleralahdstatenatdiral 4
andwildlife —4d resourcedamagesreéldtedto]d dMbeendiVide. Acdbrdingtold i&dheplaidt, thehadhrdous 18
substancerél@ase, whihirclided silfuricacidahbmedals, injured, destroyed or d 1 6ded dthe 46

lossof1d18 “surfeaters, Berdestrial HaBitat andwildlife, andmigratory bitds.” “oT
As 0 describede,hdeéfals cantamination ocdurred i & 8ahEraddisco andGil@Rivdrs [0
downstream of:d_ drihe, andita_ 3.8 groundwateplied 7o

*Limitationsin_ & datefor@ipdlinespilfsandbth@racofdentairelidasesmalieit 60 difficult 8. d8termine |, sdnre | &
cases,whétherwaterqudityim@ctsresiltedfratthedpild L L8

U.8. Copper Porphyry Mines: Water Quality Report = EARTHWORKS = www. earthworksaction.org 9 8

EARTIWEIRE

EPA-7609-0004653-0009



Lo
BINGHAM CANYON MINE [@0dSMELTER , [ /(Kbiinecott) 10

1heBingham Cadyon Mideis 0 débpestdpén pitGiinein 4 ovirdd ladated
sodthwestof 0 d SkbCitgUtah, | )
)
Reportsof &8 2011:Rejgortof 30 maIfunaifoafﬂﬁimprﬁmﬁa[lﬁﬁledthﬂ’id@seofia approximately @
pipeline 08 145,424 gallbnsof1d70 copgibingsid
failuresand "8 | 2011: Refortofid13 pipeleeflad dnfosaitiwitlestinated 108,000 46 296,000 galfonsof 3 0
other T4 coppertailingsmaberial réléased fiofpipdline.  *° 73
accidental ~8 | 11 Report of Gadings sludryréléased frodtallingsslidy hotbax 166000 galibnsof §13
releases™ @ L : 44
tailingsrél@ased. 7o

2010: Report of & Geteasdof 310 proveser diddta 133 brokeelined ]
2010: Report of & disglthrge OIE'SZG sulferid rod a 138 pipaline g@eoudmedal pladt 0
released betveen 4,080 5,080al0ns. ©* T
2007:Re@ortof ded beasdof 33 35gaions@ 3 3 hydromiét Sdadtaining ars@nicdudta 319
pipelinebradk. % g
2007: Report of ;240,000 galdonsof & dogess wabercaitainingarsénicfrathpipélinebradk o
duetald10temp eratures. 8 78

2006: Report ofl @7D,000 galfonsof 318 prowseserréddased beldhuse of 10 plaibpre \d@hich 6
resulted i 8 8 overSfow d ebntainraemt. 8% 05

2006: Report of &AD,000 galfonsof 318 prowesater@aitainingarsénicréldased dudta d 6
cracked pip@. ¥ 0

2006: Report of d,600,000 galdonsof1d 3 progeseriéddased frodhtheMagna Reskervoir 6
duetd daded lEBlind&ator. *° 06

2004: Redort of @600,000 galdonsof 33 progeterwid arsdnicfrathpipéline. s
2004: Redort of &;600,000 galdonsof a8 progesernid arsdnicfrathbréken prokess 6
waterling > 3

2004: Redort of &02,000 galfonsof 318 prowaserréddased dudta 33 pip&dithere 6 7o

2003: Redort of G000 galfonsof1 313 promaser Wb arsdnicreldased dudta a6 pipeline 6
failure.”® 79

2003: Reort of & 16 0bns d_coppecentdate réldased frotpipéline. 7o

2003:Reléaseof 313 coppreentfate, cotaining 3d@powndsof 370 ars26jo00pdidndsof a3
copper, and20@oidndsof a6 lead, T8

2003: Coppercankentrate pip@linerdpiured, r J@leasing 240,000t of a0 copl2Rtandd [0
of (1§ ars@BRicmdI10 lead. [d

2002: Report of &,800 galbonsof1d10 prowaserfrdh slagpoaadingareddiudta 318 plugged 6
drainling *® 08

2001: Report of 310 taifipgdinedaildre , 0 releakingd pdofds d aFsddic, dgourds 3 of 9
chromium and1 7368 paind 3 1éad, 8

2000: Redort of AidDtandof d18larey Cdreldased dudtaldedldi @dinece ¥ s

2000: Redort of ARJO00 tarsof 1318 suldaidreld@@sed frioth pipd dudta 30 fléaigere 6 1 5

1999: Th@prodess waber pipélinespringa 33 sefiesd1da ks 1888and199D.1t G dben 10
estimated thad10@milfion galtbnsof d10 prowaserwid higharsdniclévdlsspidedbefbre 6
theldabwaddiséovered. °° T

53

55
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1998: Réport of i @opper sulfaterel@asedintda 180 canad. 6

1998: Report ofid10 cloggeidgsiifem [ dausing pipde b&chupld  doaedfiavdreldasingacid 0
rockdradnageintdéwater. [0

1997: Réport of 310 setpbingl dvidrflow  dudtaid d cloggebbtvaide. Reldaseof 310 copper [0
sulfateintdwater. [0

1997: Reportofidd pipelipturéd reldasing précess waber (pHR50 4 hGowater. 09

1993:Rejgortof 33 45g000n56T 318 wastwater spified dUuéta dupturedf & dransferd 6
line.®® 5

1991: Reédort ofl @000 galfonsof1d 8 indusvdstewdter spiied al] & dviseewdter 0
treatment pladitdiueta @ dlieak. 3% 76

Water & 2011:Nodicompliance il 378 ApHigd B0HL fordiséharges of 3718 comircpfidbotdl T3
collectiongas | suspended solils atid g coppettérd.”®

treatment 0 Wastewater ffoth thedniite has®scd ped theditadscall®ction sysfem, coiltaminating 6

failure T8 groundwater with acid, medalsahdsulfites.  Thdgro@indwater plidne eftends toidardsthed [
nearbylardan Rivé@rahcaiw@rs modethath 72.6_ 6 sqmiles [[d — reitdering viaderfard —0
thousands of /& A SkeCitiFesitients undrinkable.  °° Thére hadebeih mudtiple taillhgs 6
spills.67 7o

Drainagefroth thewaskeracli pila@swillFéqdiire waertrédtmen t [pérpetutyta dld prevent
additionalgre@indwater piafution. 8 5

In 0 Febrdaog, thdnited Stades FisdahdWildlife Serdice tatk légdl actin agadnst [0
Kennecott farshedeldase of 810 hazardobstandes froth thednire’s faddities, inclliding 6
selenium, cojiper, arsénic, Iéad,zindahtbcadimium. % Gréundwater cadtaminated by 818 min
operations hasbeghréldased froth thedniide siteéthrdugh artdsianspringsintdarédsthad —0
serveas d_afidwilddfe haliitats. Acdbrdingta 4 dedheralldodogists, theFel@aseof 323 these 0
hazardouspalfutantshashaidned natiralrésdurces, incfuding migratory birdsanithesr —d
support echsystems, wihich indudeswedlands, madshes, fréshwater wildlife halditats, &
playasanudyip@rian atédsanofreshwater padds. [ear:

Impactsto /&8 In 00 Febr2@og, thadnided Stades FisldandbWildlife Seidicetaokleégalactdnagainst 0
water, fishBndb — Kennecott fardhedel@aseof 310 hazarduhstaﬁéesfrf)ﬁ;lth?ﬂnﬂn’ie'sfa?:ﬂities,inZEhding 7o
wildlife. 78 selenium, cojiber, arsénic,|ead,zindahdcadimium. Grdundwater dodtaminated by 618 nain]
operationshasbeghréldased froth thednire sitethrdugh artdsianspringsintdarédsthad —0
serveas d_afidwilddfehaliitats. Acdbrdingtal 4 dedheralbdodogists, thaFel@aseof 420 these 0
hazardous polutantshashaidned natliral résdurces, incfuding migratory birds andithedr 6
support ectbystems, wihich indudeswedlands, madshes, fréshwater wildlife halditats, &
playasandxip@rianatédsanofreshwater padds. 7o

*Limitationsin_ & datefor@ipdlinespilflsandbth@racofdentaireldasesmalieit 30 difficult 8. d8termine, in'@ 8 some L0
cases,whétherwaterqudityim@ctsresiltedfratthedpild L L8
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(0
RAYMIRE andHASDENSMELIER , (@BARCA) 10
TheRayMimeis coppernidingfacdityof 4 0 approximBdQ0amesnedyKeldin Aridona 0 [0

whichdiséharges intoMideralCrakk,al 00 tributey t0eGiloRiVAr, andtheMaden Fadlity 0
is srdedting¥acditylocatedin 6 0 HayderwnadlodgthabhilaRivar, | 0

.0
Reportsof &8 2012:Poidblewaderlingrupdured, which washed tailingsintdthedilaR v ar. Jaie
pipeline 78 2007: A8 6fleaka 106 couphr@ﬂm@srﬁbélmespjﬁedtaﬂ&wgsonﬁthﬁ&)arﬁ(samﬁnid 7o
failuresand —§ | theGI@RN&r. ATHS $S20,00(p&tflty wadpaid. Ca
other "8 2007: Report of &;600 podndsof 373 sulfuidspiled fratpipéline.  '* 78

idental —8
f:;'a::; s | 2006: Refort of 315 a@longoT 378 sulfusiiil spibed diiéta a3 plaihgred inside of a8 mite 10
2000: Report ofl @95 padndsofid 10 coppléaté]d reldased frotn bagin/damintdMideral [0

Creek.”® 05
2000: Reiort of & &a06n50¥ 33 coppléate 313 spilled frim pipé. ' 18
1999: Réfort of! @F000 galfonsof 133 tailiager [okleased frodn pipé&line. 8 g

Between August 1988 andNddember 1997,47.0_0 separeltasesdi d1d hazardobstandes 6
into Mideral Crakk froth theRaydViide wede repdrted. g

According ta @ 2 etddogical risicess@ssment prapared by 0_ S ttdie of '@ 6 Arizbha, dldrge 6
portionof 33 thedsasesdvede uhidbntained andeuahtually eni®red Mideral Crékk andthed [0
GilaRivar.Hatardous ch#@micalsrél@ased included cajiper siifhte, coppertailingsahid 3
leachate.” * 111878 additteevepddt foudhd thad mudkiple greidindwater vadls do@ngrad ient O
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